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Abstract 
Hybridization of multi wall carbon nanotubes (MWCNTs) with other filler in polymer matrix composites (PMC) is one of the 
techniques for combining different properties of fillers for making more unique composites. In this work, the hybrid filler 
(CNTs–dolomite) are prepared via chemical vapour deposition (CVD hybrid) and the milling method (physically hybrid). The 
effect of different hybrid method on properties of multi wall carbon nanotubes/dolomite hybrid filled phenolic composites were 
studied. Phenolic/CVD hybrid composites and phenolic/physically hybrid composites with different filler loadings were prepared 
using hot mounting press. The prepared samples were characterized for their thermal conductivity and hardness. The thermal 
conductivity was measured using the Transient Plane Source (TPS) method, using a Hot-DiskTM Thermal Constant Analyzer 
and the hardness was measured using Rockwell micro-hardness. The results showed that at 5% filler loading, the phenolic/CVD 
hybrid composites were capable of increasing the thermal conductivity and micro-hardness up to 7.22% and 101.6% respectively 
compared to pure phenolic. 
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1. Introduction 
Polymers have been used in many applications. The addition of fillers/reinforcements into polymers is a 
fast and cheap method to modify the properties of the polymer to suit various applications. The right combination of 
matrix and filler can result in new class of composite materials with enhanced properties. Various particulate 
reinforcements that available in the market nowadays are single compound material. Hybridization of filler in PMC 
is a more advance technique of combining different properties of filler for making more unique composites. Carbon 
nanotubes (CNTs) are one of an ideal reinforcing material in polymer composite. In literature, many research works 
have been investigated on the properties of CNTs reinforced polymer composites. It exhibits great mechanical, 
magnetic and electrical properties, as well as high aspect ratio make it as a great reinforcing material. CNTs were 
hybrid with the inorganic materials such as dolomite, calcium carbonate and alumina to be utilized as filler in 
polymer composites. The fillers were hybridized to combine the properties of the fillers as well as to enhance the 
capabilities of fillers to be performed in polymer composites..  
The hybrids are prepared by several methods, including the simple sonication method1, milling method 2  
and Chemical Vapour Deposition (CVD) method 3. However,  the hybridation of CNTs and others filler are usually 
produced by milling method or physically mixing. This technique has a limitation in terms of homogeneity and 
dispersion of fillers in the polymer matrix. It usually creates a large amount of agglomerations due to tackiness, 
polarities and van der Waals interactions.  It produces inefficient combinations, where some of the CNTs does not 
bond to the filler. This un-bonded CNTs tends to attract each other to form agglomeratation during the composite 
preparation. On the other hand, micrometer-sized  dolomite particles will leave vacancies to be wet by resin in the 
composite system. To solve these problems, both nano sized CNTs and micro sized dolomite are hybridized using 
the Chemical vapor deposition method (CVD Hybrid) or chemically  hybrid.  The CNTs were grown on the 
dolomite surface. The combined properties of both materials will improve the dispersion and capability of fillers in 
polymer composites. In this study,  the CNTs-dolomite were produced by using the CVD method (CVD hybrid) and 
the milling method (physically hybrid) and used as filler in phenolic composite. 
 
 
Nomenclature 
CVD  Chemical vapour deposition 
CNTs   Carbon nanotubes 
MWCNTs Multi wall Carbon nanotubes 
  
 
2. Experimental 
2.1. Preparation of Composites Materials 
MWCNTs/dolomite (CVD Hybrid) was synthesized via chemical vapour deposition (CVD) method using a nickel 
catalyst as the catalyst precursor and undergoing methane decomposition in accordance to previous paper4, 5. The 
MWCNTs/dolomite (physically hybrid) was produced using the physical milling method. The MWCNTs with 95% 
purity (supplied by SkySpring Nanomaterials Inc.) and dolomite 10-30 μm( supplied by Ipoh Ceramics Sdn. Bhd) 
were mixed in a ratio of 12:88 by using a ball milling machine for 48 hours at 20 rpm. Phenolic powder (Pace 
Technologies Inc.) was used as the polymer matrix. MWCNTs/dolomite(CVD hybrid and Physically hybrid) 
compound were mixed with phenolic powder and milled at 20 rpm for 24 h using a ball milling machine, with 
ceramic ball media ranging from 40 to 100 mm in diameter. The mixture of dolomite/phenolic powders and 
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MWCNTs/dolomite/phenolic powders were cured at 150˚C under 10 MPa pressure for 10 min using hot mounting 
press. 
2.2. Testing and Measurement 
Hot Disk Thermal Constant Analyser. Thermal Hot Disk Transient Plane Source (TPS) analyser was used to 
determine the thermal properties of the specimens. TPS technique was employed to measure the thermal 
conductivity of the sample. The hot disk probe comprises a flat sensor with a continuous double-spiral of 
electrically-conducting nickel (Ni) metal, etched out of a thin foil, and sandwiched between two layers of insulating 
material. During the experiment, the sensor was normally placed between the surfaces of the two pieces of the 
sample to be measured.  
Rockwell Micro-hardness. Hardness testing was carried out on a Rockwell micro-hardness testing machine, with 
HRB100 and 1/16 ball indenter were used to determine the hardness. 
 
 
3. Results and Discussion 
 
 
 
Fig. 1: Thermal conductivity of phenolic, phenolic/CVD hybrid and phenolic/physically hybrid  composites as a function of filler loading 
 
 
Fig. 1 shows the thermal conductivity of phenolic/CVD hybrid composites and phenolic/physically hybrid 
composites. The thermal conductivity showed a linear increment with the increase of filler content for all the 
investigated composites. However, the thermal conductivity of phenolic/CVD hybrid composites was higher than 
phenolic/physically hybrid composites and phenolic. The conductivity of the phenolic/CVD hybrid composites was 
about 7.22% compared to the phenolic/ physically hybrid composites, which showed improvement of only about 
2.56%.  From the results, it was shown that with the addition of filler loading, the thermal conductivity of the 
composite increased. High aspect ratio of CNTs forms heat conductive networks in the matrix and increased the 
thermal conductivity. In their work, Guangyu and Quanfang 6 also reported that the increment of thermal 
conductivity was achieved by adding CNTs into the polymer composites. This is in agreement with the work of 
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Zhou T. et al.7, which found that by adding MWCNTs, the thermal conductivity of the epoxy composite would be 
increased. 
From the results, it also shown that in phenolic composite, the phenolic/CVD hybrid composites showed 
better thermal conductivity then phenolic/physically hybrid composites. Phenolic/CVD hybrid provided better CNTs 
distribution (homogenous dispersion) which created a better conductivity pathway due to a shorter pathway 
provided by the chemically attached CNTs on the surface of the dolomite particle, which provides an additional 
channel for the heat flow to bypass the polymer matrix. The heat flow bypassed the phenolic matrix as well as from 
dolomite to dolomite particles with the assistance from the CNTs which  resulting enhancement in thermal 
conductivity of the polymer composite. For phenolic/physically hybrid,  the CNTs-dolomite not chemically 
attached, the CNTs turn to agglomerate each others and make a poor conduction pathway. Whereas poor contact of 
dolomite particles due to their irregular shape, along with low aspect ratio, makes it relatively difficult to form 
networks alone. This lower the thermal conductivity of physically hybrid then CVD hybrid. 
 
. 
 
 
Fig. 2: Hardness   of phenolic, phenolic/CVD hybrid and phenolic/physically hybrid composites as a function of filler loading 
 
 
Rockwell micro-hardness test was carried out to observe the differences in hardness between 
phenolic/CVD hybrid composites  and phenolic/physically hybrid composites. Fig. 2 shows the micro-hardness of 
phenolic/CVD hybrid composites and phenolic/physically hybrid composites as a function of filler loading. The 
micro-hardness increased gradually with the increment of filler loading for both phenolic/CVD hybrid composites 
and phenolic/physically hybrid composites. The enhancement of micro-hardness is due to the rigid CNTs and 
dolomite fillers in the phenolic matrix. In addition, the interparticle distance of fillers would reduce with increasing 
filler loading and restrict plastic deformation during the indentation. For comparison purpose, the micro-hardness of 
phenolic/CVD hybrid composites was higher compared to the phenolic/physically hybrid composites micro-
hardness. The phenolic/CVD hybrid composites micro-hardness reached the maximum value at 5 wt% filler loading 
with an increase of 101.6%. Meanwhile, the phenolic/physically hybrid composites micro-hardness reached the 
maximum value at 5 wt% filler loading with an increase of 65.53%. This enhancement of the hardness from the 
hybridization of carbon nanotubes (CNTs) with dolomite microparticles resulted from  better dispersion of filler in 
phenolic/CVD hybrid compared to phenolic/physically hybrid composites.  Furthermore, high stiffness and rigidity 
of MWCNT  improve the micro-hardness of phenolic/CVD hybrid composites significantly. 
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4. Conclusion 
 
In this study, two different  hybrid filler (CVD hybrid filler and physically hybrid filler) has been used to 
produce phenolic composites. The phenolic composites that filled with the CVD hybrid filler enhanced the thermal 
conductivity and hardness of the composite compared to the physically hybrid filler. 
 
Acknowledgements 
The authors would like to acknowledge the financial support from Universiti Sains Malaysia (USM-PRGS 
8044022 and CREST-6050281) and Universiti Malaysia Perlis (UNIMAP) for sponsoring and giving financial 
assistance during this research work. 
 
References 
1.  Ghaleb ZA, Mariatti M and Ariff ZM. Properties of graphene nanopowder and multi-walled carbon nanotube-filled epoxy thin-film 
nanocomposites for electronic applications: The effect of sonication time and filler loading. Composites Part A: Applied Science and 
Manufacturing. 2014; 58: 77-83. 
2. Zakaria MR, Akil HM, Kudus MHA and Saleh SSM. Enhancement of tensile and thermal properties of epoxy nanocomposites through 
chemical hybridization of carbon nanotubes and alumina. Composites Part A: Applied Science and Manufacturing. 2014; 66: 109-16. 
3. Kudus MHA, Akil HM, Mohamad H and Loon LE. Effect of catalyst calcination temperature on the synthesis of MWCNT–alumina hybrid 
compound using methane decomposition method. Journal of Alloys and Compounds. 2011; 509: 2784-8. 
4. Saleh SSM, Akil HM and Abdul Kudus MH. Synthesis and Characterization of MWCNT/Dolomite Hybrid Compound as Potential 
Composite Fillers. Advanced Materials Research. 2012; 620: 400-4. 
5. Kudus MHA, Akil HM and Saleh SSM. Hybrid Multiwalled Carbon Nanotubes/Minerals as Potential Fillers for Polymer Composites. 
Advanced Materials Research. 2012; 620: 236-40. 
6. Guangyu C and Quanfang C. Characterization Study of the Thermal Conductivity of Carbon Nanotube Copper Nanocomposites. Journal of 
Composite Materials. 2010; 44: 2863-73. 
7. Zhou T, Wang X, Liu X and Xiong D. Improved thermal conductivity of epoxy composites using a hybrid multi-walled carbon 
nanotube/micro-SiC filler. Carbon. 2010; 48: 1171-6. 
 
 
